Background: Previous studies on the association between shift or night work and weight change have been focused on finding the risk of weight gain caused by shift or night work. In this study, we aimed to reveal the risk of weight gain and weight loss associated with night work by using a nationwide representative data.
Background
It has been proposed that adjustments in working time are necessary with human activity hours expanding to 24 hours and the society becoming complex with the development of technology. The form of shift work using time other than normal day work hours based on economic rationality has come to the fore with shift work carried out in many industry fields as a method to improve productivity and to secure business competitiveness [1] . Although a clear definition for shift work has not been defined, all types of work outside the day work hours of 6 a.m. to 6 p.m. are considered as shift work which in many cases include night work. International Labour Organization (ILO) defines night work as "all work which is performed during a period of not less than seven consecutive hours, including the interval from midnight to 5 a.m." [2] .
According to the fifth European Working Conditions Survey (EWCS), 19 % of workers in 27 countries are engaged in shift work including night work, while in the U.S., around 15 % of full-time workers are engaged in shift work [3, 4] . In South Korea, the survey carried out by the Ministry of Employment and Labor in 2011 showed that 15.2 % of 3414 companies with 10 or more workers are engaged in shift work. According to the 2010 Korean Working Conditions Survey (KWCS), a high percentage of shift work was found in assembly of machinery and machine operation workers (24.3 %) and service workers (13.6 %) [5, 6] .
Shift work is known to disturb the normal circadian rhythm causing sleep disorders and sleepiness during everyday life and work [7] . Such sleep disorders and sleepiness lower productivity during work and increase incidence of accidents [8] , heighten job stress and depressed mood [9, 10] , increase smoking and alcohol consumption, result in lack of exercise, and bring about changes in eating habits [11, 12] . In addition to these, it has been reported that disturbance of autonomic nervous system, inflammatory responses, and lipid and glucose metabolism resulting from shift work increased the incidence of cardiovascular and gastrointestinal diseases [13, 14] . There is also a limited evidence that shift work increased breast cancer incidence rates in female shift workers [15] and it has also been reported that it increases the risks of spontaneous abortion, low birth weight, and preterm birth [16] . Crucially, the effect of shift work is more pronounced in shift work including night work [17] .
Modest weight change can be considered as a process of maintaining homeostasis, however, imbalance of weight like continuous weight gain or weight loss can cause obesity or underweight. In addition, weight changes are known to work as an independent factor in increasing the mortality [18, 19] . Weight gain is a risk factor of coronary heart disease, type 2 diabetes, and breast cancer [20] [21] [22] . In the case of weight loss, it can lead a decline in load of weight-bearing skeleton and it may cause changes in bone remodeling leading to bone loss. As a result, weight loss is a risk factor of hip fracture. Furthermore, weight loss can be an indicator of malnutrition or poor health state and it was significantly associated with poor self-reported health [23, 24] . Therefore, the study on weight change associated with occupational factors is being performed in various viewpoints [25, 26] .
Previous studies on weight change associated with shift or night work have been mostly performed to examine the risk of weight gain caused by shift or night work. However, such relationship failed to show consistent results due to limitations of cross-sectional study design and insufficient adjusting for confounders [27] . Therefore, the possibility of weight loss from shift or night work has also been raised [28] . To examine the association between shift or night work and weight change accurately, it is needed to evaluate the effect of weight change by dividing into weight gain and weight loss. In addition, to exclude the positive health effect of voluntary weight change, it is necessary to explore only involuntary weight change. And a clear definition for shift work has not been defined, it is necessary to evaluate limited night work group that work a substantial number of hours in night (from midnight to 5 a.m). In this study, we aimed to explore the possibility of involuntary weight gain or weight loss associated with night work separately by applying the definition of night work by ILO with using a nationwide representative data.
Methods

Study subjects
The KNHANES is a survey used as a basis in calculating the statistical data needed in determining the status of health and nutrition of Koreans nationwide and in health policy establishment and evaluation. This survey was carried out from 1998 and conducted up to the fifth survey (2010-2012) with the sixth survey currently in progress. In the fifth KNHANES (2010-2012), the number of survey participants in each year was 8958 (participation rate; 81.9 %), 8518 (participation rate; 80.4 %), and 8058 (participation rate ; 80.0 %), respectively. The fifth KNHANES applied Rolling Sampling Survey method, therefore, the study participants became a probability sample representing Koreans nationwide. Sampling frameworks have been divided into ordinary residential and apartment areas with the residential registration data used for ordinary residential areas and the apartment market price trends used for apartment areas. Accordingly, 576 areas were selected with 20 households chosen per area through table of random numbers, amounting to 11,400 households. Interviews for questionnaire survey, nutritional examinations, and medical examinations were carried out on the 25,534 members of the selected households to produce total of around 600 types of socio-economic, occupational, nutritional, and health status information.
Among the fifth KNHANES total survey participants of 25,534 people, we restricted the study population of this study to full-time wage workers between the age of 20 and 69 and excluded voluntary weight changers, soldiers, pregnant women, and short-time workers working less than 10 hours per week. Finally, 1605 people were selected as the final analysis group.
General characteristics
The gender-stratified analysis was performed through classification of male and female. Age was classified into units of 10 years between the age of 20 and 69 and the education level classified into less than high school, graduated from high school, and graduation from college or university. The socioeconomic status was classified into four levels by using the obtained data in household income quartiles, while the marital status was classified into single, married, and others (separated, divorced, and widow/widower).
Smoking was classified into current smoker for participants currently smoking and have smoked 100 cigarettes or more in the entire life, while the rest of the participants were classified as none or ex-smoker. For the alcohol consumption condition, men drinking seven glasses (five glasses for women) per occasion on average of once or more a week were classified as moderate or heavy alcohol consumption group, while those not applicable were classified as none or social. Exercise status was classified into light, moderate, and vigorous exercise according to the intensity and frequency of exercise. Moderate exercise was defined as five times or more a week and more than 30 minutes of moderate intensity of exercise (e.g., swimming, volleyball). Vigorous exercise was defined as three times or more a week and more than 20 minutes of vigorous intensity of exercise (e.g., soccer, basketball). The other was defined as light exercise.
Occupational characteristics
The labor status was classified into non-manual work for government officials, managers, professionals, and office workers, while those working in services, sales and agriculture and fishery industries, and factory workers were classified as manual work. Working more than 48 hours per week were defined as long working hours by ILO standard [29] , therefore, the work hours per week was classified into 48 hours or less group and more than 48 hours group.
Night work
In KNHANES, shift work group was decided by the question, "Do you work mostly during the day time (between 6 a.m.~6 p.m.)? Or do you work at a different time period?". Participants who answered "Mostly at day time" were classified as day workers, while the rest of the participants who answered "Evening shift (between 2 p.m.~midnight), night shift (between 9 p.m.~8 a.m. next day), regular day and night rotating shift, 24-hour rotating shift, split shift (working two shifts in one day), irregular rotating shift, and others" were classified as shift workers. In this study, evening shift group, split shift group, and others which are unlikely to meet the definition of night work have been eliminated from the final analysis to explore the health effects associated with shift work including night work (working over 7 consecutive hours including the interval from midnight and 5 a.m.) defined by the ILO [2] . In the final analysis, the day work group was decided as the control group, while participants who answered night shift, regular day and night rotating shift, 24-hour rotating shift, and irregular shift were decided as the night work group. In the case of irregular shift, there is no more intensive information about irregular shift system in KNHANES. However, most train drivers and controllers with irregular shift systems participating in one study in Finland included night work in their shift schedules, therefore, we included irregular shift in the night work group [30] .
Involuntary weight change
Weight change is considered clinically significant if there is a loss of over 5 % of one's weight within 6 months to a year [31] , whereas weight gain of more than 2 kg in a year has been suggested as a significant weight gain, although there is no clinical consensus on weight gain other than Body Mass Index (BMI) standard for obesity [32] . We used two questions in KNHANES to evaluate weight change and voluntariness; "Were there any changes in weight compared to the previous year?" and "Have you ever tried to control weight voluntarily in the previous year?". For the question about weight change, the answer was categorized with "No changes (Weight changes of less than 3 kg)", "Lost weight", and "Gained weight" and for the question about voluntariness, the answer was classified as "Tried to lose weight", "Tried to maintain current weight", "Tried to gain weight", and "Never tried to control weight".
In this study, we excluded the subjects that answered with "Tried to maintain current weight", "Tried to lose weight", and "Tried to gain weight". The reasons are that these subjects voluntarily changed or maintained their weight. As the final analysis subjects, among the subjects that answered "Never tried to control weight", the subjects that answered with "No changes (weight changes of less than 3 kg)" were classified as the no weight change group, while the subjects that answered with "Lost weight" as the weight loss group, and "Gained weight" as the weight gain group.
Statistical analysis
The fifth KNHANES applied complex sampling design to improve the sample's representativeness and the accuracy of the estimation. To estimate unbiased outcomes in the average, prevalence rate, and risk ratio, stratified variables, cluster variables, and weights should be applied. Weight used in fifth KNHANES has two levels to represent total households and population of South Korea; household weight for household level analysis and individual weight for individual level analysis. Final weights were created through several steps, such as, calculating the base design weight, adjusting for nonresponse, post-stratification adjustment, and extreme value trimming. This study used complex sample module of SPSS. The module was operated to estimate the frequency of a population from the sampling data by using stratified variables, cluster variables, and weights. After applying statistical algorithms in the module, total subjects of this study became 4,077,302.
To figure out the general characteristics of the study participants, the frequency and the configuration fraction of each variable were presented through the stratification of total participants, male, and female. Then chi-square tests were conducted on weight loss and weight gain, respectively, and compared to the no weight change group to analyze the relationship between several relating factors associated with weight loss and weight gain. Odds ratio (OR) was calculated by using logistic regression analysis to determine the association between night work and involuntary weight change. It was constructed into a threelevel model, with the first model using unadjusted logistic regression analysis and the second model using multivariate logistic regression analysis with adjusted socio-demographic factors (age, education, household income, and marital status). Sociodemographic factors, health behavior-related factors (smoking, alcohol drinking, and physical activity), and occupational factors (type of job and working hours per week) were all adjusted in the final model. Then, the average working hours per week have been stratified by 48 hours or less group and more than 48 hours group and logistic regression analysis conducted to explore OR influenced by long working hours. SPSS version 19.0 was used for the statistical analysis and the statistical significance level was set at p < 0.05.
Ethics statement
This study was performed by using the open data of the fifth KNHANES. All study participants of the fifth KNHANES signed a consent form agreeing to the purposes of the survey and this survey has been approved by the Institutional Review Board (IRB) of the Korea Centers for Disease Control and Prevention (KCDC).
Results
General characteristics of the study participants
Among the total study participants, male participants accounted for 72.6 % and female 27.4 %. In terms of occupational characteristics, the percentage of manual work for male was slightly higher than that of female. Workers who worked more than 48 hours per week on average as long working hours accounted for 41.6 % of the total study participants, and the percentage of long working hours in male was 46.3 % and significantly higher than that of female (29.1 %) ( Table 1) .
The participants working in night work accounted for 10.6 % of total study participants with the percentage of night work in male (11.9 %) higher than female (7.4 %). The percentage of night work by shift type was 46.5 % for regular shift work, 21.4 % for 24-hour shift work, 17.2 % for night shift work, and 15.0 % for irregular shift work, in order. In terms of distinguishing differences between male and female participants, female showed a lower percentage in the 24-hour shift work compared to male (male: 24.2 %, female: 9.6 %) and a higher percentage in night shift work (male: 13.8 %, female: 31.5 %) ( Table 1) .
The male participants working in night work was significant in the age group of 60s, low level of educational attainment, manual workers, and working more than 48 hours a week. The female participants working in night work was significant in moderate or heavy alcohol consumption group (Table 2) .
Involuntary weight change and its association with relevant variables
In regards to involuntary weight change, weight loss in male participants was significant in the age group of 20s and 30s and manual workers. Weight gain in male was significant in the age group of 20s and 30s, high level of educational attainment, single, and moderate or heavy alcohol consumption group (Table 3) .
Weight loss in female was significant in the age group of 30s. Weight gain in female participants was significant in the age group of 30s and 40s, low educational attainment, moderate or heavy alcohol consumption group, and current smokers ( Table 4) .
The relationship between night work and involuntary weight change
To explore the relationship between weight change and night work, logistic regression analysis in conformity with the three-level model was carried out after stratification by gender. In addition to this, the average working hours per week were stratified by 48 hours or less group and more than 48 hours group to figure out OR influenced by long working hours and conducted logistic regression analysis (Table 5) . Weight loss in male workers associated with night work showed that the risk was significantly low in night work group (OR 0.34, 95 % confidence interval (CI) 0.16-0.76) after controlling for several related factors. However, OR for weight gain associated with night work was not significant in male workers. In the case of female workers, ORs for weight loss and weight gain associated with night work were not significant. However, the results after stratifying by average weekly working hours revealed that ORs were higher than 1.0 in more than 48 hours working group with 1.95 (95 % CI 0.47-80.86) in weight loss group and 2.83 (95 % CI 0.12-69.83) in weight gain group.
Discussion
This study evaluated the risk of involuntary weight change associated with night work in Korean full-time wage workers from the nationwide representative data and revealed that night work may lower the risk of weight loss in male workers and induce weight change (loss or gain) in female workers with long working hours.
Most previous studies stated that there was a high risk of weight gain or obesity development resulting from shift or night work. Antunes [33] reviewed numerous articles related to metabolic syndrome, dyslipidemia, unhealthy eating habits, and increase in BMI and waist-hip ratio (WHR) associated with shift work and argued the risk of weight gain related with shift work [33] . Also, Drongelen [34] suggested a relationship between shift work and weight gain which was consistent to the statement presented earlier by Antunes [33] in a review article restricting with longitudinal studies on shift work exposed to night work between midnight and 6 a.m. [34] . Weight gain associated with shift work can be explained through the complex mechanisms brought on by the disturbance of circadian rhythm. First of all, changes in night and day patterns associated with shift work will reduce the production of the appetite-suppressing hormone, leptin, which is produced normally during the night while sleeping, and instead increase the production of the appetite enhancing hormone, ghrelin, resulting in stimulation of the appetite. As a result of this, the weight increases due to increased high calorie diet and latenight meals. Also, the disturbance of circadian rhythm leads to weight gain by increasing insulin resistance and bringing changes in the glucose and lipid homeostasis. In addition to this, the effects of reduction in physical activity during spare time, reduced social and family relationship, and job stress accelerate weight gain [33, 34] .
Despite various evidences on weight gain associated with shift work suggested in the previous studies, weight loss associated with shift work has been reported in a oneyear follow-up cohort study observing 377 new workers in the Netherlands [28] . In this Dutch study, Amelsvoort [28] assumed that the growth in smoking rate, the change in the neuro-endocrine secretion of hormones due to sleep problems, and the disturbance of the metabolic system increased the risk of weight loss. In addition to these interpretations, Amelsvoort [28] pointed out that the growth in smoking rate was not sufficient to explain the total effect, the disturbance of the metabolic system could induce weight loss only in short term, and BMI could increase after several years of shift work with increasing energy intake. Furthermore, Amelsvoort [28] assumed that the result was influenced by a behavioral change of the participants caused by the realization of the study itself.
On the contrary, some studies evaluated weight change with using the average value of BMI or by conducting long-term follow-up observations [35, 36] . However, such studies had the problem of not being able to determine the risk of weight gain and weight loss separately in shift workers, because the average value of BMI or the amount of weight change was used. For example, participants showing weight gain accounted for 42.9 % in the 14-year follow-up study of Suwazono [35] observing the changes in weight. This finding explained the reason why the impact of weight gain may be relatively significant when examining the risk of weight change with applying the average value of weight change. However, in the study of Kivimäki [25] for the association between job stress and weight change, the risk of weight gain and weight loss was separately evaluated. For five to eight years of follow-up, 29.2 % of male participants were weight loss and 70.7 % of them were weight gain. Among male participants, lower control group was significantly high risk in weight loss with bottom quintile in baseline BMI and higher strain group was significantly high risk in weight gain with top quintile in baseline BMI [25] . This cross-sectional study showed that night work may effect differently by gender on body weight. According to this study for male workers, night work may decrease the risk of weight loss with statistical significance compared with day work and increase the risk of weight gain with long working hours without statistical significance. In a previous study, Roos [37] reported that the risk of weight gain associated with shift work including night shift was elevated (OR 1.25, 95 % CI 0.81-1.82) in male workers and OR of weight gain associated with shift work with no night shift was similar. However, long working hours (>50 hours) may lower the risk of weight gain (OR 0.87, 95 % CI 0.41-1.83) without statistical significance in Finnish male workers. The results of Roos' study were different from this study because some difference between Roos' study and this study. The study design of Roos' study was a prospective cohort study with a questionnaire survey and this study is a cross-sectional survey. Furthermore, industrial history of the country as well as working hours is quite different between Finland and Korea. Because of this different nature of the societies, the results might not be the same direction. Besides, the combined effect of both shift work and long working hours was not evaluated in Roos' study, but this study. Long working hours as well as shift work is an established risk factor of workers' health. Shift work with long working hours may more aggravate workers' health compared with day workers without overtime work. In most previous studies, both factors were analyzed seperately. As shown in Liu's study (2002), the proportion of shift workers was highest in the long working hour group (more than 60 hours per week) in Japan [38] . However, the combined health effects of both long working hours and shift work were not assessed in this study, even though the short sleeping time was included as a proxy of shift work. Korea is one of the longest working countries in OECD countries. Therefore, future studies are needed to elucidate the combined aggravating health effects of both long working and shift work in Korea.
On the contrary in the case of female workers, night work may induce weight change (weight loss or weight gain) with long working hours, even though the results were not statistically significant. In the aspect of weight gain, we suggest the possibility of weight gain caused by job stress as a medium. Kivimäki [25] already argued this by using the Whitehall II study and there can be bidirectional results for weight gain and weight loss associated with job stress [25] . In female participants, the higher follow-up BMI was slightly associated with higher job demand after adjusting with age, grade, and baseline BMI. Previous studies revealed that such job stress was more significant in shift work group than day work group, especially in a low level of job control [39, 40] . Therefore, there is a possibility of weight gain resulting from shift work in association with low job control. In Roos' study (2013), the authors reported that the risk of weight gain associated with shift work including night shift was higher than that of male workers and showed a statistical significance. OR of weight gain associated with shift work with night shift was 1.37 (95 % CI 1.08-1.74) and the risk of weight gain associated with shift work with no night shift was decreased in female workers [37] . In addition, the risk of weight gain was slightly increased (OR 1.03, 95 % CI 0.64-1.65) in female workers with long working hours (>50 hours), even though the risk was statistically insignificant. Furthermore, female shift workers with long working hours have no time to rest, exercise, and have social relationships with their friends and families.
For explaining the possibility of the weight loss with night work, we suggest several hypotheses related to weight loss associated with night work in female workers with long working hours. First explanation is the possibility of weight loss caused by depressive symptoms and gastrointestinal disorders known to occur highly in shift workers. Driesen [9] reported that OR for depressive symptoms in shift workers was 2.05 in male (95 % CI 1.52-2.77) and 5.96 in female (95 % CI 2.83-12.56), compared to day workers. According to studies with Korean workers, Kim [41] reported a higher prevalence of irritable bowel syndrome and functional dyspepsia in female shift workers and Cho [42] reported depressive symptoms related with job stress and sleep quality in female workers. Knutsson [14] announced that shift workers showed increased incidence for gastrointestinal symptoms and peptic ulcer through the review about shift work and gastrointestinal disorders. Such a series of health effects related to shift work has been reported as a common cause of weight loss [31] . Therefore, depressive symptoms and gastrointestinal disorders caused by shift work may contribute to weight loss in shift workers. Second explanation is the suggestion in Kivimäki's study (2006) for explaining the significant higher risk of weight loss in the low control group in bottom quintile in baseline BMI, even though the results were from male participants [25] . Kivimäki explained that it was influenced by the loss of appetite due to stress and suppression of upper gastrointestinal motility caused by activation of the sympathetic nervous system. In spite of these possibilities, the increased risk of weight loss related to night work was limited to long working female workers in our study without statistical significance. Furthermore, the risk of weight loss associated with night work was significantly low in male workers. Therefore, further studies are needed to explain these findings in this country.
We suggest several hypotheses to explain gender difference in the effect on weight associated with night [43] , showing increased vulnerability to stress caused by long working hours. Second factor is that women are subject to discrimination in terms of promotion and wage and the risk of depressive symptoms related to organization injustice is higher for female than male [44] . According to previous studies, disturbances of circadian rhythm and sleep associated with shift work could cause weight gain. However, gender difference in weight gain associated with sleep disturbance was unclear [45] . In Korean society that have forced high domestic labor burden on women, sleep disturbance is more likely to occur in female workers with night work with long working hours and the effects have been reflected in our results. This study has several limitations. Firstly, this study used data of the fifth KNHANES with a cross-sectional design to explore the current status of the population. Therefore, the participant's weight change during the previous year was assessed instead of following of body weight of participants. Secondly, the participant's period of time engaged in night work was not considered. In KNHANES, the only information available for shift work is the work schedule and work type and there is no data on duration of shift work. In the study of Amelsvoort [28] , although weight loss was shown for one year follow up after starting shift work, there is also the possibility of weight gain after many years of shift work [28] . So the risk of weight change in night workers shown in this study may be a short term effect like in the study of Amelsvoort [28] , especially about the risk of weight loss. Therefore, the risk of weight gain and weight loss should be figured out by considering the period engaged in night work in follow-up studies in the future. Thirdly, there is the possibility of information bias resulting from the use of participant's self-report survey data on weight change during the previous year. However, we excluded participants with intentional weight change (loss or gain or maintenance) to overcome the limitation of a crosssectional study design. In spite of these limitations, this study has secured the representativeness and credibility by using the KNHANES which determines the status of health and nutrition of Koreans nationwide. In addition, this study evaluated the risk of involuntary weight change associated with night work in Korean full-time wage workers, considering several related factors with weight; socio-demographic variables, health behaviorrelated variables, and occupational variables. Besides, we examined the risk of weight change caused by night work by dividing into weight loss and weight gain group and further analysis after stratification by working hours in male and female workers.
Conclusions
In this cross-sectional study with national representative sample, night work may lower the risk of weight loss in male workers and induce weight change (weight loss or weight gain) in female workers with long working hours. Therefore, future studies with cohort study design for night workers are needed to reveal the mechanisms and health effects of weight change associated with night work through monitoring health risk behaviors including smoking, drinking, nutrition intake, physical activities, and consideration of other related occupational factors and establish proper management solutions with health and labor policies for Korean night workers.
